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Longitudinal studies will help to elucidate whether dynamic sagittal
motion at the hip during gait should be a rehabilitative target (e.g.
addressing muscle length deﬁcits through stretching of the hip ﬂexors
and concomitant strengthening of hip extensors, gait training) to
potentially enhance outcome for persons with knee OA.
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Purpose: Biomechanical factors play a vital role in the pathogenesis of
OA. Congruity may be an important factor contributing to the initiation
and progression of OA in the synovial joints. We investigated whether
medial tibio-femoral congruity computed automatically from magnetic
resonance imaging (MRI) could be appropriate as a diagnostic marker of
early Osteoarthritis (OA).
Methods: The study population consisted of 159 subjects with 48%
female. The age and BMI of the subjects were 21–82 years and 18–38
(kg/m2) respectively. Radiographs were acquired to grade the severity
of OA by the Kellgren & Lawrence index (KL). The MRI scans were
acquired using an Esoate C-span scanner at 0.18T (400 ﬂip angle, 50ms
repetition time and 16ms echo time). The medial tibio-femoral cartilage
compartments were segmented automatically using a voxel classiﬁcation
approach.
The Contact area (CA) of the tibio-femoral compartment was estimated
by employing the voxel width (0.7mm) as threshold. Further, in the
contact region, the point-by-point congruity (dimensionless number)
was quantiﬁed over CA as the inverse mean of the distance between
local normal vectors scaled by signed curvature along local principal
knee motion. The precision of congruity was quantiﬁed on 31 scan-
rescan pairs as Root mean squared coefﬁcient of variation (RMS CV). The
ability of congruity to separate healthy (KL 0) from OA was quantiﬁed
as area under ROC curve (AUC). The population was randomly split into
train subpopulation and validation subpopulation. The parameters in the
quantiﬁcation (curvature scale and iteration number in mean curvature
ﬂow) were optimized for best AUC on train subpopulation and then
tested on validation subpopulation. The process was repeated 100 times
and the resulting median scores on the validation subpopulation were
reported.
Results: The precision of the congruity measure was 7.7%. The congruity
map for a healthy knee is shown in Figure 1 (red is good and blue/green
is bad).
Fig. 1.
The ability of the congruity marker to separate healthy (KL 0) and early
OA (KL 1) was signiﬁcant with AUC 0.62 (p =0.004) (Figure 2). The ability
of the congruity to separate KL 0 and KL > 0 was signiﬁcant with AUC
0.69 (p < 0.0001) and the corresponding cross-sectional separation is also
shown in Figure 2.
Fig. 2.
Conclusions: We present a method to quantify the medial tibio-femoral
joint congruity automatically from MRI. From the quantiﬁcations, we
conclude that the congruity marker may even separate healthy from
early OA. In general, the healthy knees were more congruent than OA
knees in the medial tibio-femoral compartment.
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Purpose: There is a need to develop imaging biomarkers for OA that are
more sensitive than the current standard of knee x-rays. Since mechanical
factors play a central role in knee OA development and bone adapts to
its mechanical inﬂuences, MRI-based 3D bone shape may be a sensitive
marker of knee OA onset. We have previously demonstrated that 3D bone
shape changes tracked concurrently with disease onset. We evaluate here
the ability of knee MRI-based 3D bone shape to predict incidence of
radiographic knee OA 12 months before its onset.
Methods: The OAI is a longitudinal observational cohort of persons with
or at high risk of knee OA in which bilateral posterioranterior weight-
bearing knee x-rays and 3T MRIs were obtained annually. Knee x-rays
were read for Kellgren and Lawrence (KL) grade by musculoskeletal
radiologists. Incident x-ray OA was deﬁned as KL ≥2 identiﬁed in a
follow-up study visit (12, 24, or 36 mo) among knees that were KL < 2
at baseline. From among the x-rays read to date, we identiﬁed 86 knees
that developed incident OA over any of the follow-up visits. Each case
was matched to 2 control knees that remained free of OA at the same
clinic visit (index visit) as when the case knee developed incident OA,
and with the same baseline KL grade.
We applied a statistical model of the femur and tibia bone surfaces
developed from an unrelated dataset that best distinguished established
OA vs. non-OA shapes to each knee MRI (DESS-we sequence) (blinded
to case status) from each clinic visit (baseline, 12, 24, and 36 mo).
This resulted in a standardized grid of points ﬁtted to the femur and
tibia within each image. Linear discriminant analysis was used to identify
vectors for the femur, tibia, and both bones combined that best classiﬁed
the groups as having incident OA or not at that time point. For each
image, this method produces a single value of the distance along the
vector, which is scaled such that the mean non-OA shape is −1 and the
mean OA shape is +1. We examined the ability of those 3D bone shape
vectors to predict the occurrence of incident radiographic OA 12 months
later in our matched case-control sample using conditional logistic
regression. The 3D bone shape vectors were assessed as continuous
variables, as well as categorized into tertiles. We repeated analyses
limited to just those case and control knees that were KL=0 at baseline
to disentangle early OA changes (at KL=1) being reﬂected in the 3D bone
shape.
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Results: The mean age and BMI of the cases (N=86) were 60.4±8.6 and
29.5±4.2, and that of the controls (N=172) were 61.5±8.6 and 27.8±4.2,
respectively. Females comprised 65% of each case and control group. For
the combined case-control sample, the mean (SD) 3D bone shape vectors
for the whole joint combined, femur, and tibia were −0.07 (0.46), 0.27
(0.39), −0.13 (0.55), respectively, 12 months prior to the index visit. The
3D bone shape vectors were each signiﬁcantly associated with incident
knee OA occurring 12 months later (Table). Both the continuous vector
and the highest tertile of each of these vectors were signiﬁcantly asso-
ciated with the occurrence of incident knee OA 12 months later, with a
signiﬁcant test for linear trend for each vector’s tertiles. The strongest as-
sociations appeared to be with the femur 3D bone shape. When limited to
just knees that were KL=0 at baseline, similar effect estimates were noted,
but only the femur 3D bone shape was signiﬁcantly associated (Table).
Conclusions: MRI-based 3D bone shape assessed 12 months prior to
the occurrence of radiographic knee OA signiﬁcantly predicted its onset,
with the vectors for the femur providing the strongest association. The
predictive ability persisted when limited to knees with KL=0 at baseline.
These ﬁndings support the development of MRI-based 3D bone shape as
a potential imaging biomarker for OA.
